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NATTIONAL ADVISORY COMMITTEE FOR AERONAUTICS.
TRECHNICAL NOTE NO. 212. —

SIMPLIFIED PROPELLER DESIGN FOR LOW-POWERED AIRPLANES.

By Fred E. Weick. -

Summary

The object of this report is to furnish the designer and build-
er of gmall airplanes a simple system for the designing of the pro-
peller and the making of the drawing. An empirical design method -
is used, based on tests of model propellers in a wind tunnel and_
full scale tests of proﬁellérs in flight. The actual designing is
accomplished by means of charts and involves very.little calcﬁla- |
tion. The laying out and drawing of the propeller are also reduced
to simple operations by the use of a basic or master propeller wiéﬂ

dimensions given in terms of the diameter.

Introduction

For every combination of airplane and engine, there is a cer-

tain design of propeller which will give the highest maximom speed.
=4 . - -

A slightly different design baving less pitch and usually greater

diameter will show the best performance in climb. The begt pro-

peller for all-round service will have characteristics between the

high speed propeller and the climbing propeller. Ag the service

propeller is the type almost universally used, it is the only one

dealt with in this report.
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In the case of a tractor propeller, where the fuselage is in
the glipstream, the power absorbed is greater than that of the pro-
peller running alone. The amount of thig power increase depends on
the size and form of the fuselage. In this method of design, it is
considered that a tractor propeller is operating in front of an av-
erage fuselage.

The accuracy with which a propeller will fit certain operating
conditions depends primarily on the correctness of the performance
figures (HP., R.P.M., and Speed) of the airplane and engine. If
these are not correct the propeller will not give the desgired per—
formance. This report is based on data sufficiently accurate for
the design of propellers for airplanes ranging from power modelg of

less than one horsepower t0 airplanes of about fifty horsepower.
Basis of Design

The data necessary for the designing of a propeller are the
brake horsepower of the engine, the revolutions per minute of the
propeller shaft, and the speed'of the airplane. These:comprise the
required performance of the combination of airplane, engine, and:p:o—
peller.._ A non-dimensional coefficient involving the above factors

is : /?9%2’} where

v = Alrspeed in ft. per sec.
. P = Power in ft.1b. per sec.
n = Revolutions per sec.

Dengity of air in mass units.

v
it



N.A.C.A. Technical Xote No. 312 3

This relation is developed in N.A.C.A. Technical Report NoO.
186 by Walter S+ Diehl. Using engineering units and the value of

P for standard atmosphere, the relation begomes

— SEmEm—

: / v& ' o

Performance coefficient =  .335 ———E——g F —
HP. x N°/ -

—.

where V = Airgpeed in miles per hour
HP. = Brake horsepower of engine
N = Revolutions per minute.. =

This equation can be réadily solved by means of the nomogram
in Fig. 1.

The operating conditions of any propeller are governed by the_
airspeed, the revolutions, and the propeller diameter. These are

put into another dimensionless coefficient called J.

- -

;]' = __V__ = 1056v “'i
nd ND 3
where d = Propeller diameter in feet
D = Propeller diameter in inches.

Any propeller of pitch p, and diameter D, or pitch-diameter
ratio p/D, has a definite operating condition or value of J at
which it works at its maximum efficiency. It also has a value of
J at which it should be operating when it is an all-round service
propeller on an éirplane traveling at maximum speed. _

Fig. 3 is a curve made up of a series of these values of J

for varying pitch-diameter ratios, plotted against their correspord--

ing values of the performance coefficient ili% s
- . Pn™ ;

f
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The data for this curve are based on Durand's Navy Model Tests,
but are entirely modified by flight tests, a few of which were made
unier the direction of Profeséor E. P. Lesley at Langley Field.

Most of them, however, are regular propeller performance tests. The
curve is for service propellers working in front of a fuselage of

average resistance and proportions. The use of the curve is simple,
giving directly the values 6f J and p/D for the performance coef-
ficient "obtained from the nomogram (Fig. 1). |

The diameter is then given by the relation

_ 1056V
D NJ

The pitch is found by multiplying the diameter by the pitch-

diameter ratio found in Fig. 8, or p = p/D X D.
Efficiency

The approximate efficiency of the propeller when working at the
operating condition or value of J <for which it was designed, is
shown in Fig. 3. The value of the efficiency is higher for the
higher values of J.

A geared-down propeller operates at a higher value of J than
a correspornding direct drive propellers; and is therefore more effi-
cient, other things being equal.

The propeller efficiency at the speed for best climb is usually
from .87 to .93 of that for high speed. '

With the efficiency, HP. and sgpeed known,
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Thrust in 1b. = 375 X HP.vx efficiency _

Chaanel

Strength .

The stresses im a propeller of given proportions vary as the
square of the tip speed. Practically, the tip speed varies with the
diameter and the revolutions per minute. If the product of the rev-
olutions and -the diameter in inches (ND) is lessg than 170,000,
the stresses in the particular design of propeller uséd in this re-

port will be so low that spruce can safely be used. If it is under

-310,000 walnut or white oak will be sufficiently strong, but for

anything over this figure, birch or hickory should be used. If, as
very rarely happens, ND exceeds 240,000, this design cannot be
safely used, and a thicker blade will be necessary, entailing a loss

of efficiency.
Layout and Drawing

The layout of the basic propeller is shown in Fig. 4. All di-
mensions necesgary for drawing the propeller are shown in terms of
the diameter with the exception of the blade angles and the airfoil
sections. A drawing of the master section is shown in Fig. 5.

The blade angles are based on uniform geometric pitch, so for

any section

W _ p/D
_tan blade angle = STy

where 1 is the radius of the section in terms of the diametere.
»
Fig. 6 is a series of curves showing the blade angles plotted
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against the pitch-diameter ratio p/D, for each of the six sections
of the basgic propeller.

It will be noticed that the centers of gravity of the sections
lie on a line which ig debtermined by offsets from the radial center-
line (Figs. 4 and 7). This is for the purpose of reducing the
stresscs.

Care rmst be taken to distinguish correctly between right-hand
rotation and left-hand rotation. A right-hand propeller turns
clockwise when viewed from the slipstream. The basic propeller in
Fig. 4 is right-hand and the example in Fig.'7 is left-hand.

L4
1]

Actual Steps in Design and lLayous

Given! Brake horsepower, revolutions per minute, speed in miles .
per hour, engine hub dimensions, and direction of rotation.

1. Performance Coefficient (Fig. 1;. : ' -

(a) A straight edge is run through the given HP. on the horse-
power scale and through the corresponding value of N on the revo-
lutions per minute scale, and the point where it crosses the refer-
ence line is marked.

(b) The straight edge is thenlxun from the above point on the
reference line through the given speed on the mileg per hour scale,
and the value is read where the straight edge cuts the Performance
Coefficient scale.

2. J and p/D (Fig. 3).

(a) The point for the value of the Performance Coefficient is
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projected to curve.
(b) The value of J is read on scale at lef%t.
(¢) The value of p/D‘ is read on scale on the curve itself.

3. Diameter.

- w.phe
(a) D = lQ%gE; inches.
R.PH. -

4. Efficiency (Fig. 3).

(a) The efficiency is determined for the value of J found
in Fig. 3.

.5‘ Dimensions necessary to laying out the propeller are found
by multiplying the dimensions given on the basioc propeller (Fig. 4)
by the above diameter.

6. The dimensions of the individual blade sections are found
by multiplying the maximum blade thickness by the ordinates shown
in the master section (Fig. 5). The sections are divided into ten
equal divisions with the division nearest the leading edge subdi-
vided into halves and quarters.

The two sections mearest the hub are double cambered. These
are figured as if they were two single cambered airfoils placed
face to face, but new radii are drawn in at the leading and trailing
edges.

7. The blade angles are found for the above p/D on Fig. 6,
for the various sections.

8. The layout is made full scale or larger, first drawing the
centerlines and lines of the centersof gravity of the sections as

shown in Fig. 4. The sections are drawn in around their respective
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centers of gravity at the correct blade angles. They are projected
up to get the side elevation and plan views. The dimensions marked
"scale" in Fig. 4, are measured on these views and checked by the
correspording measurements on the sections.

The lamination lines are drawn in as shown in the example (Fig.
7). Laminations may be from 1/4" $o 1 thick, all of the lamina-
tions in & single propeller having the same thickness, except the
outside ones. The lamination lines should be smooth curves, show-
ing that the propeller is fair and will be without burps or waves.

This is a good check on ‘the dimensions and drawings

Example
Given: HP. = 20
N = 2000 revolutions per minute
V = 60 miles per hour

Rotation - Left-hand

Hub dimensione as shown in Fig. 7.

1. Performance Coefficient = 1.01 (Fig. 1)
(The solution of this is shown on the figure.)

2. TFor a value of the performance coefficient of 1.01,

J = .484 and p/D = .B580 from Fig. 3.
' 1056V _ 1056 X 60 - g5.5 inches-

NJ 2000 X .484

3. Diameter, D

Pitch, p = p/D xD = .560 x 65.5 = 36.7 inches.

4. From Fig. 3, for J = .484 the efficiency is .7l or
71%.
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5. The dimensions necessary for layout are fovnd from the basic
propeller and the master blade section (Figs. 4 and 5). (These may
be checked on the drawing of this example, Fig. 7.)

6. The blade angles for p/D = .560 are found from Fig. 6,

as follows:

Section Angle
. 078D 50.0%
.15 b 30.7°
.225D 21.6°
.30 D 16.5°
375D 13.4°
.45 D . 11.3°

7. The complete layout aud working drawing of the propeller
is shown in Fig. 7.
8» The product of the revolutions per minute and the diameter
in inches is
ND = 23000 x 5.5 = 131,000.
This ik less than 170,000, so that spruce may be used in making the

propeller.



~N.A.C-A. Technical Note No. 2313 10

References

1. W. S. Diehl: The Application of Propeller Test Data to
Design and Performance Calculation.

2« W. F. Durand Experimental Research on Air Propellers.
and ! N.A.C-A. Tecnaniscal Reports Nos. 14, 30,
E. P. Lesley 64, 109 and 14l1.

3. H. C. Watts: The Design of Screw Propellers for Aircraft.



- - L
H - . ) Ard R . | 4 -

- 300

T
N
T

- 50

:

3
1
: .,:,.,:,E;,.,.,.,. :

I

»
-
MORSE POWER

PERFORMAICE COEFFICIENT
L] L] LJ Ll T T T T T TOITITrIT

PERFORMRINCE
" COEFFICIENT
YOMOGRAI?

DIRECTIONS

:, , [ 1 DRAW A LINE THRU THE HP. AND THE R P. M, MARKING
; o THE POINT WHERE IT CUTS THE REFERENCE LINE.

2. DRAW A LINE FROM THIS POINT THRU THE M.P.H.AND
EXTEND THRU THE PERFORMANCE COEFFICIENT SCALE.

| & b Bl 2 P L S Ol B O L e B D | T T
“ » »
1 1 ] | LA
. O 3
ITLES FPER MOLUAX
)} 1 | T 7 1 1 T
] 3 8
X
T AESERE/NCE LITE ) .
Y& 912 "ON 910N [BoIuUyod L'V ' D'V'N

_,_.‘:L_.._.;—-.--q—: B PN s h.:.'..'i_Lo-.l;._-_....g.,.:.!_. .|L |__ L ;._i_____ _!| ~|| o




N.A.0.A. Technical Note No. 312 Fig. 3 -
1.10 ! » |
; |
ERERE '
S %
! : i | i |
1.00 =K EKE
¥ \\ 1
0.90 .
4
1 N
o]
0.80 E T
5 HEEE '
: : 4 'n L
0.70 : ! i B
3 B
2 }
73
XTTT T
0.860 m
7 T —
= i s
TR
L
0.50 J
s
1 ]
1
0.40 AT
A ]
[’
17
4118
AT ._
Ty i :
0.30 HELEL UL
1 3 3 4 5
Fig. 3 Performance coefficient

i._’ﬁ



A

N.4A.C.A. Tgchnical Note No. 213 Fig. 93

1.10

— i1 ] h i T 1]
i) : = r R
ISR I S pf At {
] 1 A 58
i T B Tl : At feied A1 i o+
b — F .

I i T T r H [T
|||.._". .|T ol o T 1 T " I A w
T : HHHT S
r “._. R ! . : ) 1 —

H T : _+
T T i ] HENE
_|...|..._.m- H M 1 M wi e
- ; L+ rt

[] ] 4 1 lI_. 3 f——t—ed
S ettt FEb R g
i AT T =
I 9. N 1Ty I
VL : SC A jmdet i 1 1 H
S M H .

Th 3 i f ! 1 l )
1 1 i} e . :
— T i i
! — H L N ! Q )
——— A ¥ , < Pk
SR | -t = o §
T 1 [~ T 1 - ¥ | - Lo O
*-I_ ) i M : T ) ! .
PG IR . ! L 1 I B
L I B S SR 1 i I T =2 O
AR R I I i | " : =
Iy a1 VI e ; x QS =
[ [ A U | { Y ! e o
R : A : 1 : o
N T H 1 (] G
FEREI — ,..ILI_..T m . 211 Ln]
PP I L H ! 1
A I I I A g : =
RN I - s T N |
T e d - 17 T : H : J
. HEF 11 g 1 H
S I S A I ] H o
SRR vy . H <
H [ N (] I iy
O L S P : t
RN py T T N i i 1
M r \ . T 1 - ! :
— A I A ) W I ; LT
: I H - [
R S Rak R _ T o
R meERSEERELuEEEREaE=InISEEL| _ 2
fdpol: [ U il ! >
4 .,__ H -_..-T..w L. 4 4 __ ; B <
IO O R M . W —
e b e S \ 5
B R AR ; :
] I SR : ; i
e s = { i i -]
I ﬂ 1T 1 “_/ ; i i <H
ST . H,ﬂ - W./ __l;.. Ji ek O.
N I 1 ‘- -t

B RS Sl TN 1L
N I TR | T M ;

1 LI L H I N H
e T _

”*.. d_HL% “h_ 4 11 i h :
FHe H—— - o

[ A T A A i PO O : 1 [P
O < O o o OnUo
o 189) - (4] T3] <

Fig. 3

£oueToTIIE



Fig. 4

N.A.C.A.Technical Note No.212

BASIC PROPELLER
DOENINONS Y TS O
RINIT MLV STHOWN

IS D e

I
|
|

o RIS KDL
JaD
L4
- TR XDOX
1
, .
S p
—_——— T
LINE BT O, T SATTONS|

J— ) k
x .
Lo ar S ap S0STIE
b

by b ,
il—nwiu}? w\ LT N S
i . {
. s m i ]
_
f N
e R el A e
I U
| i
3 .. \
i
™y B iy \N_r
w ;
S
- fu!ﬂw_ﬁ;‘.ﬂ.ﬂ.L - ..;;EE.*\.._G ﬁ.h!n.l-._

Fig.4




N.A.C.A. Technical Nove No.
"PEH L4070 \ | S

9s

PL°0

66°0

ge'o —

.O

00°'T

S6°0 fn

212

-]

Q.
(o2}

40 50 60 i 80
Percent

30

20

Blade width
Master blade section

Fig. 5

Fig. B

" e«



N.A.C.A. Technical Note No. 2312

T 13
Y ++ e
"
a.h : jf =
. IS =
1 [571 ol
- [ S -
1 ArY |
1 3 i
- | K 1
LA ~
(b} P
~/
T 1
ety -
- H
= e
1 1
i g
I , - ]
B%\ D 4 Lo -
- I g ¥,
% =
{h
DY &
i -
4 T T
el
»
-l .
[ J W - I~ =
idd L . 3(‘"(" Lt
I > 1T - b‘lr r
H . A ¥ L~ H - 1
o] - n
= -
et o el ]
T _ B bt -
ot HEl - o L4+ bt ' L
LWato) AN IR 4 ot ]
L4t 0 L i i
] i R LU
P =1 2SI —
1} } lr \rd L~ -
- 'L — L Aoy - A
- EELCIcAS ot -
o = 14 ._L\ ] 1—-; =
e L]
et - L
MG - Nl
L\ | - " 4 -
4. . J 3
. N B JERNNE I 13
0 O Y O B 131
: 1+t 1 - + 4
- 21 z .- 4
;
4 10 111 -
) % R A (O S N A W L 0 A 0 L Y . _-] IS T KOS S£=
1 L!

0.6 0.7 . 0.8
Pitch—-diameter ratio =
Blade angle curves

©
>
o
Ul

t]
,nJ-
)
»

0.9
p/D

1.0

l.—l
»
=



______:‘;{j-—-

——— - = ——

) P
e

P

4

»(

. b v . < >
AR . et RS N
- 3 - . - o FY) * .
1
. ! )
. v ”
| : -~ [l"‘"
—_——— == i ,"f
' ’

Iy . ) - I‘. .
' ' ) ) ul 1 :

4 N L
. . 3 !
» . . i / o P L8 q .

- . i Y ; " ¢
" b -
Kr— H : i
P 2 4 1 - - :

. - % 3

o i EABe £80L !
! 7 Y E1L VAL

ndl Ty - 204 - QT 58— o - aicle

i1 AWLHNE £AbE

e

212 ON 910N lea1uyosl ¥ O ¥ N

PROPELLER
apwen e “aw
e mr -
- LA . o
oy . doos ,
X srcxn Nl
AOPITIY L L7 T A0

T




